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UNITED STATES PATENT APPLICATION 



For 

OIL REPELLING AGENT 



FIELD OF THE INVENTION 

[0001] The present invention relates to oil repelling agents, and more particularly to oil 
repelling agents that are used to form oil repelling films on, for example, a dynamic pressure 
device, such as a fluid dynamic pressure bearing device, that is loaded on a spindle motor of a 
hard disk drive. 

BACKGROUND OF THE INVENTION 

[0002] In recent years, hard disk drives (commonly referred to as "HDD") have been 
incorporated into household appliances such as personal video recorders (commonly referred 
to as "PVR's"). A hard disk drive in a typical PVR has enough memory capacity for several 
hundred hours of digital recording. Such high memory capacity is due to very high memory 
density, which has become possible by advancements in manufacturing. Due to the high 
density of memory cells, complex data reading and data writing techniques are required for 
the proper handling of data obtained from and written onto a hard disk drive in, for example, 
a PVR. The quality of the hard disk drive directly effects whether such complex data reading 
and data writing techniques may be practiced properly. This in turn affects the reliability of, 
and the noise generated from, the hard disk drive. The reliability of, and the noise generated 
from, the hard disk drive are factors that make modem PVRs attractive to consumers. 

[0003] A typical hard disk drive includes a spindle motor. The spindle motor includes, 
for example, a fluid dynamic pressure bearing device. The fluid dynamic pressure bearing 
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device includes a shaft, a sleeve that receives the shaft, and a layer of dynamic pressure fluid 
such as oil that resides between the shaft and the sleeve. 

[0004] To attain optimum performance of the fluid dynamic pressure device, the fluid 
dynamic pressure of the dynamic pressure fluid should be maximized. In order to maximize 
the fluid dynamic pressure of the dynamic pressure fluid in the fluid dynamic pressure 
bearing device, it is necessary to prevent wet diffusion of the dynamic pressure fluid. 

[0005] Wet diffusion may occur due to: 

(A) the capillary action of the dynamic pressure fluid between the outer surface of 
the shaft and the inner surface of the sleeve; 

(B) the scattering of the dynamic pressure fluid when, for example, the bearing 
device is started, stopped, accelerated, or subjected to an impact; and/or 

(C) the possible overflow of the dynamic pressure fluid when the temperature of 
the bearing device has risen. 

[0006] To prevent wet diffusion, it is known to form an oil repelling film on certain 
portions of the pressure bearing device and/or the hard disk drive. To form the oil repelling 
film, an oil repelling agent is first applied to a desired area and baked to form an oil repelling 
film. 

[0007] To ensure the quality of the oil repelling film, the quality of the coating of the oil 
repelling agent and/or the quality of the oil repelling film itself must be inspected. One 
known inspection method is visual inspection. 

[0008] A known oil repelling agent is a colorless and transparent resin of the fluorine 
system. An oil repelling film formed from such a resin is difficult to inspect by the naked 
eye. As a result, it is difficult to control the quality of the oil repelling film on a dynamic 
pressure bearing device, such as a fluid dynamic pressure bearing device. In the absence of 
visual inspection, the reliability of a spindle motor having an oil repelling film formed from 
such an oil repelling agent may be compromised due to wet diffusion. 
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[0009] The Official Publication of Toku Kai 2001-27242 proposed a solution to improve 
the visual examination of the quality of the coating of the oil repelling agent and the quality 
of the oil repelling film formed from the oil repelling agent. The solution called for using a 
coloring agent to facilitate visual examination. 

[0010] Although the solution proposed by the publication may improve the visual 
examination of the quality of the oil repelling film, it has been found that the coloring agent 
in the proposed oil repelling agent generates a quantity of outgas that is markedly larger in 
volume than the outgas generated from other conventional oil repelling films. Outgas, for 
example, is generated by heat during operation of a hard disk drive, and by evaporation. This 
increase in the quantity of the outgas adversely effects the reliability of the hard disk drive. 
Also, the outgas may reduce the useful area of the magnetic disk and the density of the 
memory surface of the magnetic head. It is, therefore, desirable to produce a dynamic 
pressure device, such as a fluid dynamic pressure bearing device, with a reduced amount of 
generated outgas. 

[0011] It is also desirable to produce such a dynamic pressure device without adding 
significant steps to conventional production processes, which are adapted for mass 
production. 

SUMMARY OF THE INVENTION 

[0012] According to one aspect of the present invention, an oil repelling film is produced 
from an oil repelling agent which generates a reduced amount of outgas. 

[0013] Another aspect of the present invention is a dynamic pressure device, such as a 
fluid dynamic pressure bearing device, having an oil repelling film that prevents wet 
diffusion. 

[0014] Another aspect of the present invention is a method for manufacturing a dynamic 
pressure device, such as a fluid dynamic pressure bearing device, which can be mass 
produced. 
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[0015] Another aspect of the present invention is a method for producing a dynamic 
pressure device, such as a fluid dynamic pressure bearing device, which allows for easy 
visual inspection of the quality of the coat of the oil repelling agent. 

[0016] Another aspect of the present invention is a method for producing a dynamic 
pressure device, such as a fluid dynamic pressure bearing device, that does not generate a 
significant amount of outgas. 

[0017] To achieve the aspects set forth above, a sleeve and a shaft of a fluid dynamic 
pressure bearing device, for example, are coated with an oil repelling agent that includes a 
UV coloring agent, a fluorine-based polymer and a solvent. The sleeve and the shaft are then 
dried at room temperature, for example, and the coating is subsequently baked at a 
temperature between about 90°C to about 150°C to form an oil repelling film. As a result, 
the sleeve and the shaft may be visually inspected by any of the known methods such as by 
the naked eye of an operator under ultraviolet ("UV") light. Alternatively, the operator may 
conduct the visual inspection with the aid of a magnifying glass or microscope, or by 
scanning the desired area with a CCD camera under UV light and viewing the scanned area 
on a monitor. If desired, the CCD camera allows the scanned area to be automatically 
inspected electronically, which eliminates the need for a human operator. This can be 
accomplished by any of the known methods. A fluid dynamic pressure bearing device 
including a sleeve and shaft formed according to the present invention may be incorporated, 
for example, in a hard disk drive as a spindle. 

[0018] According to an exemplary embodiment of the present invention, the density of 
the UV coloring agent should be about 100 PPM to about 400 PPM. 

[0019] According to another an exemplary embodiment of the present invention, the 
density of the fluorine-based polymer should be about 0.1% by weight to about 0.6% by 
weight. 

[0020] According to another an exemplary embodiment of the present invention, the 
density of the UV coloring agent should be about 150 to about 300 PPM, and the density of 
the fluorine-based polymer should be about 0.2% by weight to about 0.5% by weight. 
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[0021] Other features and advantages of the present invention will become apparent from 
the following description of the invention, which refers to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] Figure 1 is a perspective view of a cross-section of a portion of a spindle motor for 
a hard disk drive that carries an exemplary fluid dynamic pressure bearing device according 
to the present invention. 

[0023] Figure 2 is an enlarged perspective view of a cross-section of a portion of an 
exemplary spindle motor for a hard disk drive according to the present invention. 

[0024] Figure 3 is an enlarged perspective view of a cross-section of a portion of an 
exemplary spindle motor for a hard disk drive according to the present invention. 

[0025] Figure 4 is a schematic showing a sleeve and a shaft of an exemplary fluid 
dynamic pressure bearing device according to the present invention. 

[0026] Figure 5 shows a graph of generated outgas from oil repelling agents of the 
present invention and commercially available agents prior to baking the oil repelling agent. 

[0027] Figure 6 shows a graph of generated outgas from oil repelling films formed from 
baking oil repelling agents of the present invention and commercially available agents. 

DESCRIPTION OF EMBODIMENTS OF THE INVENTION 

[0028] Figures 1 and 2 show a cross-section of a portion of an exemplary spindle motor 
for a hard disk drive carried by an exemplary fluid dynamic pressure bearing device. The 
spindle motor includes a hub 3, a shaft 2, a sleeve 1 and a flange (base plate) 4. Hub 3 rotates 
by supporting a magnetic disk and is held on shaft 2. The outer surface of sleeve 1 is 
supported by the inner diameter of flange 4. 
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[0029] Figure 3 is a cross-sectional view of the fluid dynamic pressure bearing device of 
Figure 1. Figure 3 shows dynamic pressure oil 5 deposited between the inner diameter of 
sleeve 1 and the outer diameter of shaft 2. Dynamic pressure oil 5 can be any of the known 
dynamic pressure oils. 

[0030] Figure 3 also shows an example of where the oil repelling film of the present 
invention is formed on a fluid dynamic pressure bearing device. According to an exemplary 
embodiment of the present invention, the oil repelling film of the present invention is formed 
on the atmospheric side of the fluid dynamic pressure bearing device. For example, the oil 
repelling film is formed on the boundary surface between the fluid dynamic pressure oil 5 
deposited between the inner diameter of sleeve 1 and the outer diameter of shaft 2, and the 
atmosphere. See Figures 3 and 4. These surfaces are, for example, a terminal or end face 6 
of sleeve 1 and an outer diameter part 7 of shaft 2. It should be realized by those skilled in 
the art, however, that the present invention does not require that only the parts discussed 
herein be covered with an oil repelling film. Any desired part or surface of a bearing device 
or the like can be covered with an oil repelling film and/or agent. 

[0031] Referring now to Figure 4, according to an exemplary embodiment of the present 
invention, after receiving the oil repelling film, bearing components sleeve 1 and shaft 2 are 
assembled by any of the known methods, to form a fluid dynamic pressure bearing device. 
For example, after forming the oil repelling film on sleeve 1 and shaft 2, dynamic pressure oil 
5 is then deposited, e.g., filled, between the inner diameter of sleeve 1 and the outer diameter 
of shaft 2 at room temperature. Dynamic pressure oil 5 may be deposited at any desirable 
time during the manufacture of the fluid dynamic pressure bearing device by any of the 
known methods. For example, dynamic pressure oil 5 may be filled after the assembly of the 
fluid dynamic pressure bearing device or prior to the incorporation of hub 3. 

[0032] The oil repelling agent, according to an exemplary embodiment of the present 
invention, is made of a UV coloring agent, a fluorine-based polymer and a solvent. PFPE 
(perfluoropoly ether) and HFC (hydrofluorocarbon) are examples of suitable solvents for the 
present invention. In an exemplary embodiment of the invention, the density of the UV 
coloring agent should be about 100 PPM to about 400 PPM, and the density of the fluorine- 
based polymer should be about 0.1% by weight to about 0.6% by weight. 
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[0033] According to an exemplary embodiment of the present invention, the oil repelling 
film is formed by coating the surface of a desired area such as the selected surface of sleeve 1 
and shaft 2 described above with the oil-repelling agent, followed by drying and baking the 
same. Any suitable coating method may be employed taking into consideration the size and 
shape of the surface and parts to be coated. For example, brush painting, spray coating, dip 
coating, spin coating, transfer coating and potting coating, and the like are suitable coating 
methods. 

[0034] After terminal face 6 of sleeve 1 and outer diameter part 7 of shaft 2 are coated 
with the oil repelling agent, sleeve 1 and shaft 2 are placed under UV light and visually 
examined to determine the quality of the coat of the oil repelling agent. Sleeve 1 and/or shaft 
2 can be easily examined by the naked eye, or can be examined by any of the known methods 
as discussed above, as needed. When UV light, for example, is applied, a visible ray of either 
purple or blue light is generated, thereby, making it possible to visually examine the quality 
of the coat of the oil repelling agent. For example, sleeve 1 and shaft 2 are visually examined 
to determine if the oil repelling agent fully covers the desired application area. 

[0035] According to an exemplary embodiment of the present invention, after the desired 
surface is coated with the oil repelling agent, such as bearing components sleeve 1 and/or 
shaft 2, the oil repelling film is formed by baking or heating the oil repelling agent for a 
period of one hour at a temperature in the range between about 90°C to 150°C. Preferably, 
after coating the article with the oil repelling agent, the coat is allowed to air dry prior to 
baking the article. After baking, it has been found that an oil repelling film is formed and 
fixed on the article with strong adhesion. 

[0036] In an exemplary embodiment of the invention, the thickness of the film should be 
about 0. 1 to about 2 microns. In an exemplary embodiment of the invention, the thickness of 
the film depends on the density of the fluorine-based polymer. If the density of the polymer 
is at the high end of the 0.1% to 0.6% range, then the thickness of the film will be at the high 
end of the 0. 1 to 2.0 micron range. Similarly, if the density of the polymer is at the low end of 
the 0.1% to 0.6% range, then the thickness of the film will be at the low end of the 0.1 to 2.0 
micron range. For example, if the density of the polymer is about 0.5%, then the film 
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thickness should be about 2.0 microns. If the density of the polymer is about 0.2%, then the 
thickness of the film should be about 0.1 to about 0.2 microns. 

[0037] In an exemplary embodiment of the present invention, the oil repelling agent of 
the present invention can be used in any of the known or conventional processes for forming 
oil repelling films on a desired article. For example, the baking temperature or the baking 
time used in known processes for forming oil repellant films does not need to be changed. 
Therefore, oil repelling films can be formed with the oil repelling agents of the present 
invention in the same manufacturing facilities that form known oil repelling films. 

[0038] It has been found that the quantity of outgas is markedly reduced when an oil 
repelling agent of the present invention is used. Not being bound by theory, it is believed that 
when an oil repelling agent of the present invention is used, the UV coloring agent during the 
baking process is both evaporated and diffused into the fluorine-based polymer. As a result, 
the residual density of both the coloring agent and the fluorine based polymer is reduced, 
thereby, reducing the amount of the outgas generated from the oil repelling film. It has also 
been found that by forming an oil repelling film of the present invention on, for example, the 
surface of hub 3 opposite the terminal face part 6 of sleeve 1, wet diffusion due to scattering 
and the like may also be prevented. 

[0039] In an exemplary embodiment of the present invention, the UV coloring agent is 
derived from the coumarin system, although it should be realized by those skilled in the art 
that any coloring agent can be used as long as it is consistent with the aspects or purpose(s) of 
the present invention. In an exemplary embodiment of the present invention, at least one of 
organic pigments formed from compounds from the coumarin system, the anthraquinone 
system, the quinacridone system, the phthalo cyanine system and the azelaic system, and the 
like may be used in the oil repelling agent. In an exemplary embodiment of the present 
invention, at least one of compounds of the anthraquinone system and the azo system, and the 
like may be used as dyes. 

[0040] In an exemplary embodiment of the present invention, the density of the UV 
coloring agent component of the oil repelling agent should be in the range from about 100 
PPM to about 400 PPM, preferably from about 150 PPM to about 300 PPM. 
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[0041] It has been found that when the oil repelling agent includes less than about 100 
PPM of the UV coloring agent, coloration can not be observed by visual inspection after 
drying at room temperature. This makes it difficult to examine the quality of the coat of the 
oil repelling agent. 

[0042] When the oil repelling agent includes more than about 400 PPM of the UV 
coloring agent, it has been found that coloration can be observed in the oil repelling film, 
thereby, revealing that there is a residue of UV coloring agent in the oil repelling film. It has 
been found, however, that the quantity of outgas in such an oil repelling film is markedly 
larger than an oil repelling film formed from an oil repelling agent containing less than 400 
PPM of the UV coloring agent, and in particular less than about 300 PPM of the UV coloring 
agent. 

[0043] In an exemplary embodiment of the present invention, the oil repelling agent may 
include any suitable flourine-based polymer or the like. Non-limiting examples include at 
least one of the following fluorine-based resins: ethylene-tetrafluoro ethylene copolymer 
(ETFE), polyvinyl fluoride (PVF), polyvinylidene fluoride (PVDF), ethylene-chloro trifluoro 
ethylene copolymer (ECTFE), polychloro trifluoro ethylene (PCTFE), tetrafluoro ethylene 
perfluoro alkyl vinyl ether copolymer (PFA), polytetrafluoro ethylene (PTFE), 
tetrafluoroethylene-hexaflyoiropropylene copolymer (FED), and the like. In an exemplary 
embodiment of the present invention, a resin from the perfluoro resin system, either 
crystalline or non-crystalline or the like, having a lower surface energy may be also used. 

[0044] In an exemplary embodiment of the present invention, the density of the fluorine- 
based polymer in the oil repelling agent should be in the range between about 0. 1% to about 
0.6%, by weight, preferably in the range between about 0.2% to about 0.5% by weight. It has 
been found that when the fluorine-based polymer density is higher than about 0.6% by 
weight, the density of the UV coloring agent component that remains in the oil repelling film 
formed after baking is high. As a result, the quantity of the generated outgas is 
approximately the same as that of an oil repelling film formed from a conventional oil 
repelling agent. 

[0045] Without being bound by theory, it is believed that the fluorine-based polymer is 
responsible for the wet diffusion preventative characteristics of the oil repelling film of the 
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present invention. It has been found that an oil repelling agent having less than about 0.1% 
by weight of the fluorine-based polymer, cannot form an oil repelling film capable of 
sufficiently preventing wet diffusion. 

[0046] It has been found that when the density of the fluorine-based polymer is more than 
about 0.2% by weight, but less than about 0.5% by weight, more desirable wet diffusion 
characteristics are exhibited by the oil repelling film of the present invention. It has also been 
found that the quantity of the generated outgas can be reduced to less than that of an oil 
repelling film formed from an oil repelling agent that does not contain a coloring agent 
component. 

[0047] Examples 

[0048] To make test pieces, one-inch square Stainless Steel pieces such as SUS 304 
pieces were cleansed in a cleaning solution (a mixed solution of isopropanol and hexane) and 
dried at 100° C for a period of one hour. 

[0049] Three examples of oil repelling agents were then prepared based on a solution 
having a fluorine-based polymer density of 0.5% by weight. The oil repelling agent 
examples included a UV coloring agent from the coumarin system, a perfluoralkylradical 
polymer as a fluorine-based resin and 2,3 dihydroperfluoropentane as a solvent. The amount 
of the UV coloring agent for Example 1 was set at 200 PPM, 300 PPM for Example 2, and 
400 PPM for Example 3. 

[0050] A conventional oil repelling agent containing a coloring agent component was 
used as Comparative Example 1 . A colorless (no coloring agent) oil repelling agent was used 
as Comparative Example 2. 

[0051] Test samples were prepared and tested in the following manner: an entire side of 
each test piece was coated with one of the respective oil repelling examples described above 
and dried at room temperature. The Example 1 oil repelling agent was used to form test 
Example 1. The Example 2 oil repelling agent was used to form test Example 2. The Example 
3 oil repelling agent was used to form test Example 3. The Comparative Example 1 oil 
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repelling agent was used to form test Comparative Example 1. The Comparative Example 2 
oil repelling agent was used to form test Comparative Example 2. 

[0052] The quality of the coat of the oil repelling agent was determined for Examples 1-3 
and Comparative Example 1. In particular, the degree of coloration and visual detectability of 
each of the test pieces was measuring by applying a UV light to the coated side of each test 
piece. The test pieces were then visually inspected under a microscope, which allowed for a 
more detailed examination of the finer portions of the test pieces. 

[0053] Comparative Example 2 was difficult to examine. It is believed that the reason for 
this, without being bound by theory, is that any coloring substance contained in the solvent 
was adsorbed by the coated surface of the test piece rendering the coated surface essentially 
colorless. The quality of the coat of the oil repelling agent was visually inspected in the same 
manner as for Examples 1-3 and Comparative Example 1. 

[0054] Examples 1-3 exhibited a high degree of coloration and visual detectability. This 
shows that in actual production, components bearing the oil repelling agent of the present 
invention can be easily visually inspected by the naked eye. 

[0055] After the visual inspection, Example 1, Example 2, Example 3, Comparative 
Example 1 and Comparative Example 2 were heated for one hour at 100°C, thereby, baking 
the oil repelling agent to form an oil repelling film on each test piece. The colored test pieces 
were then subjected to UV light and examined under a microscope to determine the degree of 
coloration and visual detectability in each test piece. 

[0056] No coloration was recognized in the test pieces of Example 1 and Example 2. 
This seems to confirm that the density of the UV coloring agent component in the oil 
repelling film may have been reduced. In Example 3, some coloration was observed. In 
Comparative Example 1, coloration similar to the coloration prior to baking was observed. It 
was difficult to carry out a visual examination of the test piece coated with Comparative 
Example 2 for the above reasons. 
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[0057] Amount of Out Gas Generated Prior to Baking 



[0058] The amount of the outgas generated by each test sample prior to baking was 
measured in the following manner: after the visual inspection, an amount of oil repelling 
coating (dried oil repelling agent prior to baking) was collected from Example 1, Example 2, 
Example 3, Comparative Example 1 and Comparative Example 2. For a period of three 
hours at 105°C, the outgas (Helium as standard) was collected at a rate of 50 milliliters per 
minute. As a result, the total outgas volume (ng) generated per unit weight (1 mg) of the oil 
repelling coating and the amount of the outgas generated for the fluorine polymer (both in 
nanograms, ngs) were obtained. 

[0059] In testing for the quantity of outgas generated from the oil repelling agent of 
Comparative Example 2, a test piece was used that had not been visually inspected. In other 
words, the solvent used in the oil repelling agent contained no coloring agent to be adsorbed 
by the coated surface. 

[0060] The total outgas values and the values for fluorine-based polymer outgass prior to 
baking for the oil repelling agents of Example 1, Example 2, Example 3, Comparative 
Example 1 and Comparative Example 2, are shown in Figure 5, and detailed in Table 1. 



Table 1 





Prior to Baking 




Coloring Agent 


Fluorine Polymer Outgas 
(ng/mg) 


Total Outgas 
(ng/mg) 


Example 1 


200 PPM 


1,054 


1,648 


Example 2 


300 PPM 


1,482 


2,555 


Example 3 


400 PPM 


4,195 


4,771 


Comparative 
Example 1 


Conventional, with a 
coloring agent 


26,125 


29,357 


Comparative 
Example 2 


Conventional, no coloring 
agent 


6,738 


7,956 : 
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[0061] 



Amount of Out Gas Generated After Baking 



[0062] Each of the test pieces of Example 1, Example 2, Example 3, Comparative 
Example 1 and Comparative Example 2 was heated for about one hour at 100°C to form an 
oil repelling film. The oil repelling film was then collected from each of the test pieces as 
described above. For a period of three hours at 105°C, the outgas was collected (Helium as 
standard) from the oil repelling film of each test piece at a rate of 50 milliliters per minute. 
As a result, the total volume of the outgas generated per unit weight of the oil repelling film 
and the amount of outgas of the fluorine polymer were obtained. 

[0063] In testing for the quantity of outgas from the oil repelling agent according to 
Comparative Example 2, a test piece was used that had not been visually inspected, i.e., 
coated with an oil repelling agent having a solvent that was not adsorbed onto the coated 
surface. The test piece was heated to 100° C for one hour, thereby, baking the oil repelling 
agent to form an oil repelling film. The test piece was then measured as set forth above with 
respect to the other four test pieces. 

[0064] The total outgas values and the values for the fluorine-based polymer outgas, after 
baking, for the oil repelling agents of Example 1, Example 2, Example 3, Comparative 
Example 1 and Comparative Example 2, are shown in Figure 6, and detailed in Table 2. 
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Table 2 





After Baking 




Coloring Agent 


Fluorine Polymer Outgas 
(ng/mg) 


Total Outgas 
(ng/mg) 


Example 1 


200 PPM 


67 


466 


Example 2 


300 PPM 


154 


828 


Example 3 


400 PPM 


685 


1,734 


Comparative 
Example 1 


Conventional, with a 
coloring agent 


1,402 


2,932 


Comparative 
Example 2 


Conventional, no coloring 
agent 


832 


2,077 



[0065] As can be seen, the outgas values obtained prior to baking show that the density of 
the coloring agent effects the amount of the flourine polymer outgas. For example, the 
density of the coloring agent can be adjusted to effectively reduce the volume of the fluorine 
polymer outgas compared with a conventional oil repelling agent that contains a coloring 
agent (Comparative Example 1). The volume of the flourine polymer outgas can even be 
reduced to less than the values of outgas from a conventional oil repelling agent that does not 
contain a coloring agent (Comparative Example 2). 

[0066] The outgas values obtained after baking show similar results for oil repelling 
agents having UV coloring agents in the amount of 200 PPM (Example 1) and 300 PPM 
(Example 2) and 400 PPM (Example 3). 

[0067] It should be noted that the maximum value for the axial scale for the volume of 
the outgas shown in Figure 5 (before baking) and Figure 6 (after baking) were 35,000 ng/mg 
and 3,500 ng/mg, respectively. 
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[0068] In summary, it has been found that in an oil repelling agent based on a fluorine- 
based polymer, when the density of the UV coloring agent is about 100 PPM to about 400 
PPM, and preferably about 150 PPM to about 300 PPM, and the density of the fluorine 
polymer is about 0.1% to about 0.6% by weight, and preferably about 0.2% to about 0.5% by 
weight, the oil repelling agent is particularly suited for use in the manufacture of parts that 
require oil repellent films, e.g., fluid dynamic pressure bearing components. 

[0069] Although the present invention has been described in relation to particular 
embodiments thereof, many other variations and modifications and other uses will become 
apparent to those skilled in the art. It is preferred, therefore, that the present invention be 
limited not by the specific disclosure herein. 
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